ABSTRACT We have attempted to introduce some eukaryotic and prokaryotic DNA sequences into mouse fibroblasts. Purified herpes thymidine kinase gene (tk) was introduced into mouse cells. The presence of the herpes tk gene was established by gel electrophoresis, sensitivity to the purine analog acycloguanosine, and Southern blot hybridization. We utilized two different methods to introduce nonselectable markers into mouse cells. Bacterial plasmid pBR322 was ligated to herpes tk and used for transfection. All cells that were TK+ also contained the plasmid sequences. In the second method, pBR322 DNA was mixed with herpes tk DNA and presented to mouse cells. TK+ cells were tested for pBR322 sequences by blot hybridization. The frequency of unlinked cotransfer was greater than 40%. When the circular plasmid containing pBR322 and tk was used for transfection, each of the resulting transfectants acquired several copies of the plasmid. Most of the copies were associated with high molecular weight DNA in the cell. In addition, we found that some of the plasmid molecules may exist as free circular molecules. Using the nonligated cotransfer method, we introduced purified human "-globin sequences into the recipient cells. We were unable to detect any transcripts of the human f-globin gene at a level greater than or equal to 10 molecules per cell. Introduction of relatively large amounts of genetic material from one mammalian cell into another can be accomplished by somatic cell fusion (see ref. 1 for a review), microcell fusion (2), or chromosome-mediated transfer (3, 4). All of these methods are useful in the genetic analysis of mammalian genomes. The smallest segment of DNA transferred by any of these methods is approximately 40 kilobases (kb) long (5). The discovery that purified DNA from herpes simplex virus (HSV) can be used for infection (6) and to transfer the thymidine kinase gene (tk) (7, 8) 
molecules per cell. Introduction of relatively large amounts of genetic material from one mammalian cell into another can be accomplished by somatic cell fusion (see ref. 1 for a review), microcell fusion (2) , or chromosome-mediated transfer (3, 4) . All of these methods are useful in the genetic analysis of mammalian genomes. The smallest segment of DNA transferred by any of these methods is approximately 40 kilobases (kb) long (5) . The discovery that purified DNA from herpes simplex virus (HSV) can be used for infection (6) and to transfer the thymidine kinase gene (tk) (7, 8) provided the impetus for studies aimed at introducing DNA from various sources into mouse fibroblasts (9, 10, 11) . Mantei et al. (12) have shown that specific nonselectable sequences can be efficiently transferred when they are ligated to the HSV tk sequence. It has been shown that nonselectable markers can be transferred at a high efficiency along with the HSV tk sequences even when they are not covalently linked to tk (10, 11) .
We have studied the efficiencies of ligated and nonligated cotransfer of prokaryotic and eukaryotic circular or linear DNA sequences into mouse fibroblasts. We report here that bacterial plasmid pBR322 and human chromosomal ,B-globin genes can be transferred into mouse L cells by these methods. The results indicate that in all cases the donor DNA is associated with high molecular weight DNA in the recipient cell and that there is no site specificity for integration of these molecules.
MATERIALS AND METHODS
Cells. Mouse L cells deficient in thymidine kinase (TK) were obtained from R. Axel (Columbia University) and F. Ruddle (Yale University). They were maintained in Dulbecco's modified Eagles medium (GIBCO) supplemented with 10% fetal calf serum (Flow) and penicillin and streptomycin.
DNA. The 5.1-kb Kpn I fragment containing tk was isolated from total HSV type 1 DNA by the method described by Wigler et al. (8) . pHSV106, a plasmid carrying the 3.4-kb BamHI fragment of HSV 1 containing the tk sequences, was kindly provided by S. McKnight (Carnegie Institution). p31, a plasmid carrying a 4.4-kb Pst I subfragment of X clone Hf3Gl (13) (14) . The amounts of HSV tk and other DNA used varied from experiment to experiment, but in all cases the final DNA concentration was made up to 20 ,tg/ml by adding appropriate amounts of salmon sperm DNA.
Acycloguanosine Tests. Acycloguanosine [9-(2 hydroxyethoxymethyl)guanine] was kindly provided by G. Elion (Wellcome Laboratories, Research Triangle Park, NC). Cells were treated with various concentrations of it and their rates of survival or colony-forming ability were determined by conventional methods.
Detection of DNA Sequences. Cells were expanded and DNA was isolated from them by a method described by Pellicer et al. (15) . DNA was digested to completion with restriction enzymes EcoRI, BamHI, Kpn I, and Xba I obtained from Be- thesda Research Laboratory. Digested DNA was electrophoresced in 0.8% horizontal agarose gels at 2 V/cm for [15] [16] [17] [18] hr. The DNA was denatured with alkali and transferred to nitrocellulose filters (Millipore) by the method described by Southern (16) . The filters were hybridized with nick-translated 32p-labeled DNA as indicated. The specific activity of the probe usually was 1-2 X 108 cpm/gg. The filters were washed and exposed to x-ray film (Kodak X-Omat) for [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] DNA from this circular plasmid (pHSV106) was mixed with human f3-globin DNA (see below) and salmon sperm DNA, precipitated, and presented to LMTK-cells. HAT-resistant colonies were isolated and their DNA was analyzed as before; 10 different cell lines were examined extensively. These cell lines were used to examine the entry of pBR322 and human globin sequences. The DNA was digested with EcoRI or BamHI and transferred to filters. The filters were hybridized with pf3l, which contains pBR322 and human globin sequences (Fig. IC) , or pHSV1O6.
The results from the latter experiment are shown in Fig. 4 . (8, 10) . There are several lines of evidence that indicate that the tk is of HSV origin. Transfection with LMTK-DNA or salmon sperm DNA does not result in HAT-resistant colonies (ref. 10; unpublished observations). The electrophoretic properties of the enzyme as well as its sensitivity to acycloguanosine prove its viral origin. The presence of intact 3.4-kb fragments in these transfectant cell lines (Fig. 4) 
When circular molecules of pBR322 were mixed with linear molecules of HSV DNA and presented to mouse cells, 30% of the cell lines containing tk were also found to carry pBR322 sequences. The ratio of input tk gene equivalents to pBR322 sequences in these experiments varied from 1:2 to 1:20. Using a ratio of 1:1000 or greater, Wigler and coworkers were able to show up to 80% cotransfer of OX174 and pBR322 sequences.
Among the cell lines that contained them, the number of pBR322 sequences was low, ranging from one to a maximum of five. The pBR322 sequences are associated with high molecular weight DNA, presumably of mouse origin. The size of DNA fragments that hybridized to pBR322 sequences varied from cell line to cell line. If the pBR322 sequences integrated into the mouse genome, they integrated at different sites as defined by restriction enzyme cleavage sites. We cannot rule out the possibility that the DNA is integrated into the carrier DNA which in turn may or may not be associated with cellular DNA.
The lack of specificity in the integration process is further demonstrated in our studies involving transfer of pBR322 and HSV tk ligated to each other. When circular molecules consisting of these two DNA sequences were used in transfections, all cell lines that contained tk also contained pBR322. These results are comparable to those of studies by Mantei et al. (12) in which they were able to transfer rabbit f3-globin sequences into mouse cells by a similar method. Digestion (10) and human f3-globin sequences (11) . The number of copies of globin-specific DNA sequences is limited (Fig. 6) 
